Carbonate content and mineralogical composition of sediment samples from Integrated Ocean Drilling Program Sites U1325-U1329 in the northern Cascadia margin were determined. The results document their low carbonate content (average ≈ 2-3 wt%), with decreasing values with distance to the shoreline. Carbonate content and carbonate mineralogy (calcite, dolomite, aragonite, siderite, and rhodochrosite) of 85 authigenic carbonate samples were also determined.
observations, and examination of 50-250 µm and >250 µm sieved fractions) indicate that their carbonate fraction was mainly authigenic (not detrital or biogenic).
Samples were dried and ground in an agate mortar for carbonate content measurement using a ManoCalcimeter Mélières (MCM) apparatus derived from the carbonate bomb technique first described by Müller and Gastner (1971) .
Total carbonate content (in weight percent) was calculated from CO 2 volume evolved from the reaction of 100 mg of finely crushed sediment with 8 N HCl. The MCM apparatus is calibrated at 100% so that 1 mM of CO 2 corresponds to 100 mg of calcite or aragonite. For other carbonates with different molecular weights, 100 mg does not correspond to 1 mM of CO 2 , and values must be corrected (e.g., percent dolomite = MCM/ 1.0855 and percent siderite = MCM/0.8639) to estimate the real weight percentages.
Analyses were performed at Muséum National d'Histoire Naturelle (MNHN), Paris (France). The run time was 5-15 min for each sample, depending on carbonate composition (dolomite-rich samples react more slowly).
Because of the low carbonate values observed in the first SED samples analyzed (Site U1328), the quantity of sediment powder used for carbonate determination was increased to 200 mg for Sites U1325-U1327 and U1329 sediments in order to improve measurement accuracy.
To visualize the carbonate content fluctuations measured on the MCM apparatus, uncorrected values were used. These values are equivalent to the CaCO 3 weight percent calculated from inorganic carbon determined with the Coulometrics 5011 coulometer on board the JOIDES Resolution, as described by Pimmel and Claypool (2001) . Therefore, the shipboard data published in the site chapters and the shore-based MCM data can be used together to compare downhole carbonate fluctuations within and between holes.
All SED and CARB samples were analyzed by XRD to identify the minerals present and to give an estimation of the mineralogical composition of the carbonate fraction. XRD analyses of randomly oriented powders were performed using a Siemens D500 instrument (CuKα Ni filtered radiation) at MNHN. Instrument parameters were set to 40 kV accelerating voltage and 30 mA current. Scans were run from 2°2θ to 64°2θ with a step size of 0.02°2θ and counting time of 1 s for standard sediments or 2 s for authigenic carbonates. If necessary, the position of the peaks was corrected by reference to the main quartz peak present in all samples.
Identification of the main minerals present in the samples was determined with Eva 8.0 software and the International Centre for Diffraction Data (ICCD) Powder Diffraction File 2 database, release 2002.
The Mac Diff 4.2.5 program by Rainer Petschik (servermac.geologie.uni-frankfurt.de/Staff/Homepages/ Petschick/RainerE.html) was used to resolve the composite peaks by a peak-fitting technique and to measure the peak surface of carbonates.
Microfacies (smear slides or thin sections) were examined to determine the morphology and probable origin of the carbonates (detrital, biogenous, or authigenic) . For the micritic fine-grained facies, scanning electron microscopy (SEM) images of selected samples (mainly from Sites U1328 and U1327) were used to illustrate crystal morphologies, and energy dispersive spectrometer (EDS) analyses was used to confirm the semiquantitative composition of the carbonates.
Semiquantitative carbonate percentages are given for carbonate-rich samples based on the surface of the main peak of each mineral corrected by arbitrary factors (I/Icor values given in the ICCD database for pure calcite, dolomite, siderite, and rhodochrosite) and on the MCM value for absolute weight percent. The relative error of the weight percent of a given carbonate phase is roughly estimated at ±5% but may be higher because
• Authigenic calcite and dolomite have highly variable characteristics, as reflected by the wide range of d 104 values (Fig. F2) Goldsmith and Graf (1958) . This method was not used to estimate dolomite composition, as the position of the d 104 peak depends on the incorporation of Mg 2+ , Ca 2+ , Mn 2+ , and Fe 2+ , and our microprobe analysis (EDS spectra) show that Fe is sometimes present in the dolomite crystal lattice.
Results
XRD analyses show that SED samples from Sites U1325-U1329 are dominated by detrital minerals, mainly quartz, plagioclases and potassium feldspars, micas, clay minerals, amphiboles, and sometimes pyroxenes (e.g., diopside). Some pyrite and carbonate minerals are also present as minor components. Magnetic minerals (magnetite and greigite) (Esteban and Enkin, 2007) are also present but were not identified in the raw samples analyzed by XRD, even if they sometimes seemed relatively abundant during clay fraction extraction.
Because of the inhomogeneous nature of the sediment (Expedition 311 Scientists, 2005) the mineralogical composition varies considerably vertically and laterally. We did not attempt to quantify the mineral phases present in the bulk samples because
• Phyllites, amphiboles, and feldspars s.l. have variable compositions;
• Many minerals are present near or below the detection limit; and
• Superposition of peaks is frequent.
In this report we focus only on the carbonate phases, whereas Bartier et al. focus on the clay mineralogy (<2 µm fraction) of selected samples.
SED samples
Carbonate (MCM) analyses indicate that SED samples are carbonate poor (mean values ≈ 2-3 wt%) (Table T1). Calcite, mainly low-Mg calcite (LMC) with a d 104 peak between 3.035 and 3.030 Å (Table T2) , is the dominant carbonate phase with some dolomite (d 104 peak usually located between 2.885 and 2.900 Å); other carbonates were generally not detected. In these low-carbonate samples, the relative abundance of detrital minerals makes quantification of calcite and dolomite percentages uncertain, as albite interferes with high-Mg calcite (HMC) and microcline interferes with nonstoichiometric dolomite; therefore, only the total carbonate percentage is given.
Site U1326 is located on top of the first uplifted ridge of accreted sediments at the far western downslope end of the transect (Fig. F1) . Sediments from this site show the lowest carbonate contents of the transect ( Fig. F3 ; (Table T2) . Sample 311-U1326D-2X-1, 72-74 cm (MCM values ≈ 10 wt%), originally a SED sample, was added to the CARB series because irregular carbonate grains (~6 µm in diameter and 6.5 mol% MgCO 3 in calcite) and almost no calcareous microfossil remains were observed in sieved fractions and smear slides. In addition, the mousselike texture observed in the section may be associated with dissociation of gas hydrate.
Site U1325 is located within the first slope basin in the southwestern part of the transect cored during Expedition 311 (Fig. F1) . In lithostratigraphic Units I and III (see the "Site U1325" chapter), biogenic components (very abundant foraminifers sometimes observed in the sieved fractions) are more abundant, as reflected by the slightly higher amount of carbonate observed in the sediments ( Fig. F4 ; Table T2), although they drop to very low values in lithostratigraphic Units II and IV (almost no foraminifers observed in the sieved fractions). In sediments, calcite is generally nearly stoichiometric, except in Samples 311-U1325B-10X-1, 75-77 cm (73.55 mbsf), 311-U1325C-7X-6, 75-77 cm (233.42 mbsf), and 8X-4, 75-77 cm (241.40 mbsf), with 7.7, 5.0, and 4.4 mol% MgCO 3 in calcite, respectively (Table  T2) . This is interpreted as corresponding to biogenic components.
Site U1327 is located near the middle of the coring transect on a broad uplifted ridge of accreted sediments about mid-slope up the margin, near Ocean Drilling Program (ODP) Leg 146 Site 889 (375 m southeast from Hole 889C) (Fig. F1) . In lithostratigraphic Unit I, interstitial water geochemistry results predict authigenic carbonate formation within the sulfate reduction and alkalinity generation zone (see the "Site U1327" chapter); however, no authigenic carbonate cement was found. Slightly higher carbonate contents were found in samples from 0 to 32.5 mbsf (0-2 mol% MgCO 3 in calcite Site U1329 is the easternmost and shallowest site of the transect and is interpreted to be located near the eastern limit of gas hydrate occurrence on the northern Cascadia margin (Fig. F1) Site U1328 is an active cold seep (Bullseye vent site) associated with faults located 3.7 km southeast of Site U1327, on the mid-continental slope off Vancouver Island (British Columbia) (Fig. F1) . It is characterized by a massive accumulation of gas hydrate in the upper ~40 m of the series. Carbonate contents of the sediments (average = 2.6 wt%) ( Tables T1, T2 ; Fig. F7 ) are slightly higher than at nearby Site U1327 (average = 2.2 wt%). This may be due to the presence of dispersed authigenic carbonate crystals throughout the cores. For example, the presence of HMC in the upper part of the cores (0-38 mbsf) is inferred from the intensity of the peak around 3.0 Å (corresponding to 10-11 mol% MgCO 3 in calcite) ( Table  T2) . However, LMC (0-3.5 mol% MgCO 3 ) is the main carbonate present, and most of the carbonaterich sediments correspond to foraminifer-rich levels ( Table T2) . 
CARB samples

Site U1326
At Site U1326, salinity and chlorinity data (see the "Site U1326" chapter) indicate that gas hydrate is present in the zone extending from ~45 to 270 mbsf, predominantly occurring in the sandy layers. Seven carbonate-rich samples were analyzed from Site U1326 ( Table T3 ; Fig. F3) 
Site U1325
At Site U1325, salinity and chlorinity data (see the "Site U1325" chapter) indicate that gas hydrate is present from ~70 to 240 mbsf, predominantly occupying the sandy layers and some of it also being associated with the clay lithology in the 50 m above the bottom-simulating reflector (BSR) (~180-230 mbsf). No carbonate cement or concretion was observed in the upper part of these slope basin sediments (lithostratigraphic Units I and II), only one in Unit III (~127 mbsf), and two in Unit IV (~222 and 258 mbsf) ( Table T3 ; Fig. F4 ). These carbonates contain variable proportions of calcite and dolomite. 
Site U1327
At Site U1327, salinity and chlorinity data (see the "Site U1327" chapter) indicate that gas hydrate is present in the zone extending from ~128 mbsf to the BSR (~223 mbsf). Fifteen of the diagenetic carbonate levels sampled were analyzed and showed calcite, dolomite, and sometimes siderite (Table T3 ; Fig. F4 ).
Most of them occur in the gas hydrate zone (see the "Site U1327" chapter). The first authigenic carbonate occurrence corresponds to a light-colored unlithified cement zone (interval 311-U1327C-10H-1, 95-103 cm) (see Fig. F15 in the "Site U1327" chapter) and is mainly composed of 6.7 mol% MgCO 3 HMC and some dolomite at 96-98 cm. 
Site U1329
Site U1329 is at the eastern limit of gas hydrate occurrence on the northern Cascadia margin. Seismic indicators of gas hydrate are present but more subdued than at all the other sites. Only minor cold anomalies were detected in the cores from this site, consistent with evidence of only minor amounts of gas hydrate based on logging-while-drilling resistivity measurements and chlorinity analyses (see the "Site U1329" chapter). Thirty-three carbonate samples were analyzed from this site ( Table T3 ; Fig. F6 
Site U1328
Site U1328 (Bullseye vent site) is located within an area of active cold vents, where previous dives conducted in 2000 and 2001 with the remotely operated vehicle ROPOS found 10-15 cm thick carbonate sheets covering an area of >10 m 2 of the seafloor. Gas hydrate distribution at Site U1328 is bimodal, as gas hydrates occur mainly close to the seafloor (0-35 mbsf) and just above the BSR (215-222 mbsf) (see the "Site U1328" chapter). Thirty-one authigenic carbonate samples were analyzed from this site (Table T3; Fig. F7 ) with calcite and/or dolomite and/or aragonite. The authigenic carbonates were found in lithostratigraphic Units I (1-37 mbsf) and III (220-277 mbsf) and Sample 311-U1328C-5P-1, 0-2 cm (92 mbsf?), probably originating from Unit I (fallen block?).
In lithostratigraphic Unit I, to 36.46 mbsf, HMC (8.7-17.1 mol% MgCO 3 ) is the dominant carbonate phase. The HMC is sometimes pure (Sample 311-U1328E-2X-1, 52-54 cm) but is most often mixed with dolomite (d 104 = 2.894-2.939 Å) and/or aragonite.
In lithostratigraphic Unit III HMC (12.4-16.1 mol% MgCO 3 ) is the dominant carbonate phase near the BGHSZ, whereas near-stoichiometric dolomite (d 104 = 2.887-2.895 Å) appears between 253 and 276 mbsf.
Site U1328 differs from the other sites because of the presence of aragonite (8%-46% of the carbonate fraction) between 6 and 16 mbsf. This site is also characterized by less abundant dolomite and the absence of siderite and rhodochrosite.
Main occurrences of authigenic carbonate minerals based on XRD analyses of CARB samples
Aragonite is only present in the upper 16 mbsf of the active vent site (U1328), and is associated with calcite and dolomite ( Fig. F8A, F8B ). The occurrence of aragonite fits well with the predicted gas hydrate content (highest in the upper 15 mbsf; see the "Site U1328" chapter). In the samples studied, aragonite is associated with abundant HMC (13.1-16.8 mol% MgCO 3 ) and with some LMD (d 104 = 2.911-2.939 Å).
The link between aragonite and gas hydrate or methane venting was often observed in recently studied sediments (e.g., Hydrate Ridge on the Cascadia continental margin) (Teichert et al., 2005; Teichert and Bohrmann, 2006) .
Calcite is most abundant at the active vent Site U1328 (average content = ~68% in the carbonate fraction and 47%-53% in the transect sites), where it corresponds mainly to HMC (8.7-17.1 mol% MgCO 3 ) ( Fig. F8B-F8D) . Calcite at transect sites shows more variable compositions with MMC (5.4-8.1 mol% MgCO 3 ) and/or HMC (8.7-14.1 mol% MgCO 3 ). LMC is rare and is mainly associated with calcareous biological or detrital remains, based on thin section or smear slide examinations.
Dolomite is well represented in all trasect sites, whereas it is less abundant at Site U1328 (mean average value in carbonate fraction is ~28%, instead of 40%-53%). Dolomite shows variable compositions (d 104 = 2.987-2.944 Å), sometimes with two phases associated in the same sample. LMD, mainly represented at Site U1328, often shows rounded dolomite grains with a knobbly surface (Fig. F8E ), whereas HMD often shows euhedral crystals.
From our data, siderite ( Fig. F9A-F9C F9D, F9E, F9G, F9H) . From EDS analyses (Fig. F9F 
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M C S L in e 8 9 -0 8 Figure F5 . Downhole variations of carbonates in sediment and authigenic carbonate samples, Site U1327. Lith. = lithologic, SED = standard sediment, CARB = semi-indurated to indurated authigenic carbonate sediment, BGHSZ = bottom gas hydrate stability zone. XRD shipboard data were added for Cores 311-U1327C-24P, 29X, and 30X. Figure F7 . Downhole variations of carbonates in sediment and authigenic carbonate samples, Site U1328. ManoCalcimeter Mélières values and carbonate relative percent not plotted for Sample 311-U1328C-5P-1, 0-2 cm, and Hole U1328D samples with uncertain depths. Lith. = lithologic, SED = standard sediment, CARB = semi-indurated to indurated authigenic carbonate sediment, BGHSZ = bottom gas hydrate stability zone. Figure F8 . Scanning electron microscopy photographs of Site U1328 cold seep carbonate facies. A. General view (backscattered electron) showing the association of aragonite needles and small high-magnesium calcite (HMC) crystals (~13 mol% MgCO 3 ) with knobbly surface (Sample 311-U1328B-6X-1, 0-20 cm). B. Secondary electron detail of A. C. Energy dispersive spectrometer (EDS) spectrum of HMC crystal (arrow in B). D. Small HMC crystals (~16 mol% MgCO 3 ) with knobbly surface (Sample 311-U1328B-6X-1, 47-50 cm). E. Clusters of rounded dolomite grains with knobbly surface (Sample 311-U1328D-2X-2, 30-31 cm). F. EDS spectrum for sample in E. 
Data report: bulk carbonate content
Proc. IODP | Volume 311 Figure F9 . Scanning electron microscopy photographs of siderite and rhodochrosite authigenic facies. A. Notes: MCM = ManoCalcimeter Mélières apparatus, A = aragonite, Cc = calcite, Dol = dolomite, Rh = "rhodochrosite" (d 104 ≈ 2.85 Å), Si = "siderite" (d 104 ≈ 2.796 Å), LMMC = low-to mediummagnesium calcite, HMC = high-magnesium calcite, LMD = low-magnesium dolomite, HMD = high-magnesium dolomite. SED = standard sediment sample, Bis = more carbonated part of the sample. ? = dubious depth value, bold = most significant values, tr = traces. For distinction between LMMC, HMC, LMD, and HMC from frequency distribution of d 104 , see Figure F1 . MgCO 3 mol% not reported when calcite weight percent was too low. 
